Nontuberculous mycobacteria (NTM) are ubiquitous organisms of a wide variety of environmental reservoirs, including natural and municipal water, soil, aerosols, protozoans, animals and humans.
INTRODUCTION
Nontuberculous mycobacteria (NTM) are ubiquitous organisms in all natural ecosystems, including water, soil, food, dust and aerosols (Falkinham ; Covert et al. ; Dailloux et al. ) . About one-third of NTM species are potentially pathogenic and have been associated with human diseases, e.g., Mycobacterium avium, M. intracellulare, M. kansasii, (Nichols et al. ) . Infections with NTM are caused by ingestion or inhalation of contaminated food or aerosol, respectively, and through injured skin, which represents a significant entry gate of NTM to a host organism from environmental sources such as water (Falkinham ; Kazda et al. ) .
Environmental studies are limited by their detection and identification methods. Moreover, the isolation of NTM from water may be affected by decontamination procedures, selection and enrichment of media, incubation temperatures, as well as the duration of incubation (Neumann et al. ) . The use of direct polymerase chain reaction (PCR) is technically more demanding, although it may offer a more complete scope of the presence of NTM in environmental samples (Mendum et al. ) . Historically, many studies have focused on specific species, generally MAC, applying detection and identification tools specifically developed for these species (Kirschner et al. ; von Reyn et al. ) . However, the application of such tools can lead to the underestimation of NTM species diversity in environmental samples as it disregards unidentifiable and not yet described species (Kazda et al. ) .
The aim of our study was to survey the occurrence and species diversity of mycobacteria in different fresh water environments: natural water sources (fish ponds, water reservoirs) and man-made sources (an experimental recirculation system and storage ponds) located in the Czech Republic.
METHODS

Collection of samples from the water environment
A total of 396 samples were collected during spring from four different types of water environment (Table 1) , which included fish ponds (natural systems with standing water), drinking water reservoirs (created in river valleys by the construction of dams), storage ponds (man-made systems, designed for commercial fish breeding), and an experimental recirculation system (farming of fish under controlled conditions). The experimental recirculation system consists of eighteen 800 L tanks and twelve 200 L tanks that are linked in a temperature-controlled water recirculation system. The day feeding ration is 1-2% of the weight of the fish stock. The daily water supply is approximately 1-2% of the total volume. Water quality is maintained by recirculation through a bacteriological filter at acceptable levels.
The total volume of water is 36 m 3 (Table 1) . Water and aquatic plants were sampled from the surface and sediment near the fish pond side. Water from drinking water reservoirs was sampled from deep strata and sediment from the deepest point near the dam using a gravitational corer (Hruska ) . Matrices (1 L of water or 50 g of sediment or aquatic plant) were collected in a sterile glass bottle or sterile plastic bag. Samples were transported to the laboratory at 4 W C and processed within 48 h of collection.
Sample processing and culture
Environmental samples (sediment and aquatic plant) were homogenised, and the water samples were centrifuged (3,500 g/20 min) and decontaminated using HCl-NaOH according to a procedure described previously (Fischer et 
Identification of mycobacterial isolates
Colonies growing on primary culture media were preliminarily identified as mycobacteria based on the detection of acid-fast rods after Ziehl-Neelsen (ZN) staining and Taxon: http://www.eztaxon-e.org/). The cut-off value for the identity scores of the 16S rDNA gene was set at 99%.
Another applied criterion was a difference of less than 3 bp from a reference species.
Statistical evaluation
Data analysis was performed using GraphPad Prism 5.04 
RESULTS AND DISCUSSION
From a total of 396 examined samples, 94 (23.7%) were positive for the presence of culturable Mycobacterium species (Table 2) . Generally, the most frequently detected isolates 
Mycobacteria isolated from fish ponds
Mycobacteria were isolated from more than 10% of samples obtained from fish ponds ( Table 2 ). The highest proportion of mycobacteria-positive samples collected from fish ponds was found in water samples (15.6%) and the lowest in sediment samples (9.6%). Proportions of mycobacteria-positive samples originating from fish ponds were not associated with the type of matrix (P > 0.05).
The majority of mycobacterial species derived from the water environment of fish ponds were first isolated and 
Mycobacteria in drinking water reservoirs
The occurrence of mycobacteria in drinking water reservoirs was high; more than one-third of samples collected from drinking water reservoirs were positive for NTM ( Table 2 ).
The proportions of mycobacteria-positive samples were significantly associated with the type of matrix; statistically significant differences were observed between samples of water and sediment (OR ¼ 43.8) only.
Besides the isolation of M. fortuitum (n ¼ 2), M. gordonae 
Mycobacteria in storage ponds
Mycobacteria were detected in less than 10% of samples taken from storage ponds, which is the lowest prevalence in the monitored water systems ( Table 2 ). The highest incidence of mycobacteria was identified in samples from aquatic plants (22.2%) and the lowest in water samples 
Mycobacteria in experimental recirculation system
We observed a very high positivity for mycobacteria in samples originating from the experimental recirculation system: almost half of the samples were positive ( Table 2 ). M. chelonae is a ubiquitous environmental organism found in soil, water and dust (Brown-Elliot & Wallace ).
CONCLUSION
In the present study, a survey of mycobacterial presence in different elements of the water environment located in the Czech Republic was performed. Altogether, we were able to identify 22 mycobacterial species (subspecies, complexes).
The results of our study suggest that fish ponds and storage ponds are relatively mycobacteria-free compared to other water environments. This finding allows us to be optimistic with respect to the health of fish and consequently with regard to the safety of food made from fish. Fish ponds are surrounded by forests and meadows and have no permanent water supply. We assume that the occurrence of mycobacteria in fish ponds is because they are fertilised with manure or slurry. These interventions lead to increased eutrophication of fish ponds. Low incidence of mycobacteria in storage ponds is probably due to the low temperature of water. Also, constant inflow and outflow of water prevents the formation of bacteria in sediment.
The relatively high occurrence of mycobacteria-positive samples in drinking water reservoirs could be connected with the higher rate of agriculture at such locations.
The highest detection of mycobacteria (49.3% of positive samples) was observed in the experimental recirculation system. We can speculate that the reason is relatively high and constant water temperature. All the information gathered in this study represents a significant resource for facilitating risk assessment in connection with the water environment and protection of human health.
The identification of mycobacteria still suffers from the limitations of the detection methods used. Altogether, 18 samples in this study were classified as Mycobacterium sp., which suggests that the spectrum of unidentified mycobacteria with unknown features is still high and their impact on human and animal health remains to be determined.
